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Each spring and summer in the Gulf of Mexico, nutrient-rich ef-fl uent from the Mississippi and 
Atchafalaya Rivers stimulates algae 
growth. The rates of growth are 
typically so high that when the algae 
die and decompose, they consume 
more dissolved oxygen than can be 
replenished by the ocean. The Gulf 
hypoxic zone or “dead zone” is cre-
ated when dissolved oxygen levels 
become too low to support sea life. 
The extent of the 2008 hypoxic zone 
is shown in the chart below.
In a recent article in Science, 
Robert Diaz and Rutger Rosen-
berg report that the Gulf of Mexico 
is just one of 405 hypoxic zones 
identifi ed around the world. In the 
1980s, Diaz counted only 162 such 
zones. The hypoxic zone that has 
received the most attention in the 
United States is in the Chesapeake 
Bay, where hypoxia was fi rst identi-
fi ed in the 1930s. 
Costs and Benefi ts of Fixing Gulf Hypoxia 
The increase in the number of 
hypoxic zones around the world is 
a result of increased nitrogen and 
phosphorus fi nding its way into riv-
ers and, eventually, oceans. Excess 
nutrients come primarily from loss of 
applied nitrogen and phosphorus on 
farm fi elds, golf courses and lawns, 
and nutrient discharges from sewage 
treatment plants. A 1999 study by the 
National Oceanic and Atmospheric 
Administration concluded that only 
10 percent of the nutrients that 
contribute to Gulf hypoxia can be 
traced to point sources such as sew-
age treatment plants and industry 
discharge sites. An updated analysis 
performed in 2006 and included in a 
scientifi c reassessment undertaken 
by the U.S. Environmental Protec-
tion Agency’s Science Advisory 
Board (Hypoxia in the Northern Gulf of 
Mexico: An Update, 2007) implicates 
point sources for about 14 percent 
of the nitrogen loads and 27 percent 
of the phosphorous. Even with these 
updated estimates, nonpoint sources 
contribute the lion’s share of nutri-
ents, and agriculture is the largest 
contributor of non-point losses. 
Nutrient losses from agriculture 
occur in a variety of ways. Heavy 
rainfall events leach soil nitrogen 
into tile lines that discharge into 
ditches and streams. Eroded soil 
that is rich in phosphorus fi nds 
its way into rivers and streams. 
Rainfall can wash surface-applied 
manure off farm fi elds. The evi-
dence is overwhelming that exten-
sive Gulf hypoxia would not occur 
if all farm-applied nutrients stayed 
on the farm and were used by crops 
or were stored in wetlands or other 
natural sinks. 
Cost-Benefi t Analysis for 
Environmental Challenges
Weighing the benefi ts against the 
costs of alternative decisions is a 
common-sense guide that helps us 
run our everyday lives in an effi -
cient manner and provides us with 
goods and services at the lowest 
cost. Making decisions without this 
kind of analysis would waste time, 
money, effort, and natural resourc-
es. This logic has led governments 
to use cost-benefi t analysis to de-
termine whether actions to correct 
environmental problems should be 
taken. After all, it would be foolish 
to correct a diffi cult-to-fi x environ-
mental problem if the benefi ts of 
fi xing it were small. Targeting scarce 
resources to those problems in 
Bottom dissolved oxygen (mg/L), July 1-27, 2008
Sources: N. Rabalais, Louisiana Universities Marine Consortium. Map by B. Babin.
Notes: Map of bottom water oxygen levels in mg/l (or ppm). The dark blue area outlined in black shows where readings are less than 2, where 
hypoxia exists. 
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which benefi ts exceed costs by the 
greatest amount yields the greatest 
good per unit of effort expended. 
But a number of unique diffi culties 
arise in using cost-benefi t analysis 
to solve environmental problems.
The fi rst diffi culty arises be-
cause unlike private decisions in 
which costs and benefi ts are both 
borne by the private decision maker, 
environmental problems are typi-
cally caused by people who do not 
experience the outcome of their 
actions. Upstream polluters receive 
the benefi ts of low-cost waste dis-
posal, but downstream users suffer 
the consequences. In the absence of 
legal obligations, the costs of getting 
upstream polluters to take actions to 
reduce their pollution should also be 
considered in addition to the ben-
efi ts of water quality improvements 
to downstream users when compar-
ing the costs and benefi ts. A political 
problem often arises after a decision 
is made to take corrective action, 
because the party asked to pay the 
costs of cleanup will naturally try to 
get some other party to pay. 
Perhaps the greatest diffi culty 
arises because of the complexity of 
accurately measuring benefi ts of ac-
tions to improve environmental qual-
ity. Unlike most privately purchased 
goods and services, environmental 
goods (such as clean air, clean water, 
and pleasing landscapes) typically 
do not have an observable market 
price associated with them that can 
be used to determine their value. If 
an environmental improvement re-
sults in an increase in the production 
of a traded good, then the increase 
in production is one measure of the 
benefi ts. For improvements in other 
goods, economists have learned how 
to estimate benefi ts of, say, clean wa-
ter in lakes, by observing how much 
extra people are willing to pay to 
travel to lakes with clean water rela-
tive to similar lakes with degraded 
water. Similarly, differences in real 
estate values can often be used to 
reveal how much people value clean 
air or vistas. But these approaches 
can be limited because the benefi ts 
of environmental improvements 
are not limited to just those who 
actually use them for production or 
recreation.  
Many people who have never 
traveled to the Everglades still would 
not want to see this natural area 
destroyed. Maintaining the Ever-
glades has value to some people 
either because they want to have the 
option of visiting there in the future 
or just because the knowledge that 
this natural area exists generates 
value. Estimation of these types of 
values is quite diffi cult and prone to 
large uncertainties, but this does not 
mean that those values are neces-
sarily small and should not be con-
sidered in a cost-benefi t comparison.
A review of the benefi ts and 
costs of eliminating the hypoxic 
zone in the Gulf of Mexico shows 
why, in the absence of strong regula-
tory requirements, we should ex-
pect little action to be taken quickly.
Benefi ts of Eliminating 
Gulf Hypoxia
While there is abundant evidence 
that the size and duration of the Gulf 
of Mexico hypoxic zone is large and 
caused by human actions, research 
to clearly identify the impacts on the 
ecosystem of the Gulf, including the 
effects on the size and diversity of 
fi sh stocks and the ability of the sys-
tem to rebound after a long hypoxic 
event, is still incomplete. Further-
more, understanding thoroughly the 
benefi ts of reducing the dead zone 
to the goal articulated by the EPA 
requires knowledge about
• the resulting changes in rec-
reational opportunities and 
commercial fi shing that come 
about from these changes in 
fi sh stocks; and 
• how important the preserva-
tion of this ecosystem is to 
current and future residents of 
the region and the rest of the 
country. 
What evidence is available? 
A number of recent studies have 
established links between hypoxic 
conditions and declines in habitat 
quality that likely affect the diver-
sity and quantity of life. From a com-
mercial fi shing perspective, declines 
in Brown shrimp populations and 
catches appear to be directly linked 
to hypoxic events, with estimates in 
one study of a loss of up to 25 per-
cent of shrimp habitat on the Louisi-
ana shelf. The commercial fi shing in-
dustry in the Gulf is one of the most 
valuable fi sheries in the country, 
with an annual value of over $650 
million, and Brown Shrimp is one 
of the most valuable of those fi sh 
stocks. Further, changes in catch 
rates or population levels of a single 
species can mask effects on the 
entire food chain that may not be as 
easily measured as those directly 
related to commercially caught fi sh.
Of even more concern to some 
scientists is evidence that points 
to a “regime” shift in the Gulf. This 
refers to situations in which the 
entire structure and functioning of 
an ecosystem changes because of 
some rapid external infl uence. In the 
case of Gulf hypoxia, scientists are 
concerned that a regime shift would 
;
Of even more concern 
to some scientists is 
evidence that points 
to a “regime” shift in 
the Gulf. This refers 
to situations in which 
the entire structure 
and functioning of an 
ecosystem changes 
because of some rapid 
external infl uence.
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mean that even larger and longer-
term reductions in nutrients would 
need to be made in order to restore 
the Gulf to its original functioning. 
Concerns about the effects of the 
dead zone on the living resources 
of the Gulf are all well and good, but 
might there be any benefi ts closer to 
home from undertaking actions that 
would improve the conditions in the 
Gulf? Interestingly, here the evidence 
is perhaps more compelling that 
changes would be benefi cial. Lakes 
and streams in Iowa are among the 
most impaired in the country, and 
there is signifi cant pressure from the 
EPA and environmental groups to 
improve this situation. A number of 
the agricultural practices that could 
help address Gulf hypoxia would 
contribute directly to improvements 
in local water quality. Other local 
benefi ts would also accrue from 
changes in agricultural landscapes. 
For example, a major investment in 
strategically placed wetlands and 
buffers would likely reduce the risk 
of fl ood damage and provide habitat 
to a number of species that hunters 
and recreationists enjoy. 
Costs of Eliminating Gulf Hypoxia
Because agriculture is the primary 
source of nutrients that cause Gulf 
hypoxia, those involved in agricul-
ture would need to take action in any 
clean-up program. The main sources 
of lost nutrients are nitrogen losses 
from leaching and run-off, phos-
phorus in eroded soil, and animal 
manure runoff. Focus on control of 
nutrients in the Upper Midwest is 
warranted because most of the crop-
land that contributes to Gulf hypoxia 
is located in this region.
Controlling nutrient losses from 
animal manure is straightforward. 
Manure that is applied to farm fi elds 
at agronomic rates, at times when it 
can be incorporated into the soil and 
not be subjected to heavy rain events, 
will not lose nutrients. Manure storage 
must be of adequate capacity to hold 
all generated manure until it can be 
safely applied. However, many live-
stock producers do not have adequate 
manure storage facilities or ready 
access to farm fi elds that grow crops 
that can use the nutrients. Produc-
ers in nutrient-surplus regions have 
particular diffi culty fi nding adequate 
crop acreage. The costs of controlling 
nutrient runoff in these regions would 
be large, involving installation of meth-
ane digesters or moving livestock to 
nutrient-defi cit regions. High fertilizer 
prices provide a good incentive to 
livestock and crop producers in nutri-
ent-defi cit regions (all of the Corn Belt) 
to invest in adequate storage facilities 
and application equipment to fully uti-
lize manure nutrients. 
There are many well-known 
ways to reduce soil erosion. Instal-
lation of grass waterways, terraces, 
and adoption of conservation tillage 
can all greatly reduce soil erosion 
rates. Because a relatively small 
share of crop land is subject to high 
rates of soil erosion, the costs of 
reducing soil loss vary dramatically 
across cropland.
Nitrogen loss from cropland is 
the most diffi cult to control because 
nitrogen-laden soils in the Upper 
Midwest are needed for high yields, 
but nitrogen-laden soils are also 
susceptible to large losses from 
unexpected rainfall events. One key 
to controlling losses is to reduce 
the time between nitrogen fertilizer 
applications and rapid plant uptake. 
Rapid uptake of nitrogen by corn 
does not occur in most of the Corn 
Belt until the last two weeks of June. 
Nitrogen that is applied at or just 
before corn planting in the fi rst part 
of May will be subject to losses for 
four of fi ve weeks. Nitrogen that is 
applied in the early spring or in the 
fall is subject to losses for at least an 
additional six weeks. Applying nitro-
gen in a side-dressed fashion in the 
middle of June would reduce losses 
substantially. However, application 
costs would increase, as would the 
risk of yield losses from poor tim-
ing of applications. An alternative 
to controlling soil losses in tiled 
fi elds is to route drainage water into 
constructed wetlands that have the 
ability to capture and utilize excess 
nitrogen, thereby cleaning the water 
before it travels into streams.
What Should We Do?
Defi nitive research that demon-
strates either that the benefi ts of 
reducing Gulf hypoxia exceed the 
costs or that the costs exceed the 
benefi ts simply does not exist. And 
while economists have made great 
strides in their ability to estimate 
benefi ts and costs, such defi nitive re-
search for a problem as complex as 
Gulf hypoxia may not be forthcom-
ing. Furthermore, recent high prices 
for agricultural commodities signal 
farmers that more fertilizer needs 
to be applied to crop land, not less. 
Both the uncertainty about costs 
and benefi ts and the current need 
to maintain high production levels 
gives advocates of the status quo 
the upper hand in the Gulf hypoxia 
debate. 
But the evidence seems quite 
strong that our inability to keep 
fertilizer nutrients on the farm is 
doing signifi cant damage to many 
coastal waters. Over time, as food 
shortages recede, we may decide to 
move to a common-sense approach 
to managing farmland and livestock 
production. By locating livestock in 
nutrient-defi cient crop locations, by 
controlling soil erosion to maintain 
long-term soil health, and by reduc-
ing soil nitrogen losses or by treating 
nitrogen-rich runoff before it enters 
streams and rivers, we should be 
able to achieve both healthy coastal 
waters and profi table farms. 
For More Information
To learn more, go to http://www.
epa.gov/msbasin.◆
Catherine Kling is a professor of eco-
nomics and head of Resource and Envi-
ronmental Policy at CARD. 
